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Taking advantages of the broad emission bands of a Yb3+ doped calcium 
yttrium oxoborate (Yb:YCOB) crystal cut along the optimized direction 
out of principle planes with the maximum effective nonlinear coefficient, 
the self-frequency-doubled green light based on the self-frequency-
doubling behavior of Yb:YCOB was achieved with a maximum output 
power of 710 mW at 523 nm.  
 
 
 
 
 
  
1. Introduction  
The green light sources have demonstrated their promising applications, 
such as laser printing, high-density optical data storage, undersea 
communications, interferometric measurements, medicine and displays 
and so on [1]. Self-frequency-doubled (SFD) lasers, combining the 
active laser medium and the nonlinear frequency conversion medium 
into a single crystal, have the advantages of more being compact and of 
lower cost compared with conventional intracavity-frequency-doubled 
lasers utilising two separate crystals such as Nd:YAG plus KTP. To our 
knowledge, the monoclinic calcium gadolinium oxoborate 
(GdCa4O(BO3)3, GdCOB) crystal and its family crystal calcium yttrium 
oxoborate (YCa4O(BO3)3 , YCOB) are new efficient nonlinear optical 
and SFD crystals [2-5] with large transparent range, high nonlinear 
optical coefficient, high damage threshold and high thermal 
conductivity[6]. Moreover Yb3+ ion has a very simple energy level 
scheme, has no excited-state absorption, and no visible reabsorption 
loss [7], and the Yb-doped crystals show many advantages with longer 
radiative lifetimes because there is no concentration quenching effect 
for a high Yb doping concentration and lower quantum defect that can 
improve energy conversion from the pump radiation to laser output and 
reduce greatly the thermal effect in the crystal [8]. Thus Yb:YCOB 
crystal offers the prospect in the field of SFD materials. Up to now, the 
highest green output power achieved by an Yb-doped SFD crystal was 
more than 1 W at 532 nm with Yb:YAl3(BO3)4 crystal [9]. In this letter, 
the self-frequency-doubled green light was realized with an output 
power of 710 mW at 523 nm. 
 
2. Experiment and results  
This Yb:YCOB crystal used for the experiment was grown by the 
Czochralski method with a doping Yb3+ concentration of 20 at.%. It was 
cut along with their type Ⅰphase-matching (PM) direction out of its 
principal planes because the maximum effective nonlinear optical 
coefficient is located in their planes[10-12]. The dimensions of the 
crystal sample for the laser experiment is 4 mm×4 mm×6 mm. The two 
4 mm×4 mm faces were polished and the front one was anti-reflection 
(AR) coated at 976nm and high-reflection (HR, R>99.9%) coated at 
1020-1040 nm and 510-530 nm. In order to obtain the maximal 
absorption, the end face was HR coated at 976 nm and 1020-1040 nm, 
high-transmission (HT) coated at 510-530 nm. 
The experimental equipment was exhibited in Fig.1. The pump source 
employed in this experiment was a fiber-coupled LD with a center 
wavelength at 976 nm. The diameter of the fiber is 200 μm with a 
numerical aperture of 0.22. The pump light was focused into the 
Yb:YCOB crystal by an imaging unit with a beam compression ratio of 
1:1. And the focus length is 30 mm. To transfer the heat from the crystal 
generated during the laser process, the Yb:YCOB crystal was wrapped 
with indium foil and mounted in a water-cooled copper block. The 
temperature of the cooling water was controlled to be 2 ℃. The laser 
output power was measured by a power meter (1918-R, Newport, Inc.), 
and the laser spectrum was recorded by an optical spectrum analyzer 
(HR4000CG-UV-NIR, Ocean Optics Inc.). 
 
Fig. 1. Experimental configuration of the SFD green light. 
With a filter mirror (F) shown in Fig. 1 that is HR coated at 1000–1100 
nm and HT coated at 510 -530 nm, the output power performance of SFD 
green light was measured and detected and was shown in Fig. 2. From 
this figure, we can see that the threshold was 2.3 W, and the maximum 
output power was 710 mW under the incident pump power of 10.1 W 
with an optical conversion efficiency of 8.59%. Upon augmenting the 
pump power, a crack was found in the Yb:YCOB crystal. With an optical 
spectrum analyzer, the spectrum of SFD green light was found to be 
centered at 523 nm, which was presented in Fig. 3. 
 
Fig. 2. The SFD green light output powers versus incident pump 
power. 
 Fig. 3 Output wavelengths of the SFD green light and the fundamental 
laser. 
 
3. Conclusion 
By the self-frequency-doubling effect, a maximum green light output 
power of 710 mW at 523 nm with Yb:YCOB crystal was obtained. This 
crystal was cut along the phase-matching direction out of principal 
planes with the maximum efficient nonlinear optical coefficient. This 
result is the best performance ever reported about the SFD green light 
with Yb:YCOB crystal. A further improved output power and 
efficiency would be achieved by optimizing the Yb3+ doping 
concentration and the length of the Yb:YCOB crystal. 
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